Aim: To assess the maternal mortality ratio (MMR), epidemiological aspects, and the causes of maternal mortality according to the International Classification of Diseases, 10th Revision (ICD-10).
INTRODUCTION
Pregnancy, although being considered a physiological state, carries serious risk of morbidity and at times death. A maternal death is one of life's most tragic outcomes. Besides depriving the surviving infant of mother's care, it has serious implications to the family, the society, and the nation. Most maternal deaths are avoidable. Improving access to antenatal care in pregnancy, skilled care during childbirth, and care and support in the weeks after childbirth will reduce maternal deaths significantly.
In ICD-10, the WHO defines a maternal death as the death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes. 1 Maternal deaths can be further subdivided into direct and indirect maternal deaths: direct maternal deaths are those due to obstetric complications of pregnancy (including delivery and 42 days postpartum), while indirect maternal deaths are those linked to other diseases or conditions when aggravated by the physiological effects of pregnancy. A pregnancy-related death is defined in the ICD-10 as the death of a woman while pregnant or within 42 days. 1 Thus, maternal deaths are a subset of pregnancy-related deaths, specifically those with a putative causal relation to the pregnancy itself.
Magnitude of the Problem
Maternal mortality is a ratio, and it is expressed internationally as maternal death rate per 1,00,000 live births. Maternal mortality is an index to judge the health care provided by a country to the women population. It also reflects the educational and socioeconomic state of a country as well as public health consciousness. Maternal mortality ratio is often viewed as a sentinel indicator of the health care delivery system. 4 Although more than 50% reduction has been registered in the approximate number of maternal deaths in the last two decades, the present status shows that, even now, 120 women die of causes associated with pregnancy, in a day, in India. As per the Office of the Registrar General of India estimates, the MMR status at all India level is at 167 in 2011 to 2013. 5 
AIMS
To assess the MMR, epidemiological aspects, and the causes of maternal mortality according to ICD-10, during the period 2011 to 2015.
MATERIALS AND METHODS
This is a retrospective observational study of maternal deaths that occurred at Government Medical College, Kozhikode. This is a tertiary referral center and one of the oldest medical colleges of the state. The hospital receives referrals from four districts, mainly Kozhikode, Kannur, Malappuram, and Wynad. All women requiring hospital care were admitted irrespective of the availability of beds, vacancy of intensive care unit bed, or antenatal registration in the hospital. All maternal deaths following admission to the hospital are reviewed by the maternal death audit team of the hospital within 2 weeks of death and also by the Confidential Review of Maternal Deaths, Kerala. The data were collected from patients' records and maternal mortality register maintained by the medical records library of the hospital. Maternal deaths during the period of January 2011 to December 2015 were analyzed with emphasis on sociodemographic profile of the patient, parity, time interval from admission to death, gestational age at the time of death, mode of delivery, and the cause of death. Identification and classification of maternal death-direct and indirect, along with further subdivisions (nine subgroups), were done according to WHO application of ICD to deaths during pregnancy, child birth, and the puerperium (ICD-MM) which is based upon ICD-10. 9 Where more than one cause was recorded, only the first or underlying cause of death was considered. Results were analyzed by using percentage and proportion.
RESULTS
There were 77,071 total births and 77,065 live births between 2011 and 2015. During this period there were 36,111 normal deliveries, 40,960 abnormal deliveries, and 21,956 cesarean deliveries. The average perinatal mortality rate was 32.68 per 1,000 live births. There were 92 recorded deaths during pregnancy, labor, and puerperium. Two deaths were following road traffic accidents and hence 90 maternal deaths were recorded. The yearly MMR per 100,000 live births is shown in Table 1 . Graph 1 shows the trend in MMR during the study period. 
JSAFOG
As shown in Table 2 , maximum maternal deaths were in the 20 to 24 years age group (38.9%). More deaths occurred in primigravida (40%). About 16.7% of deaths occurred in tribal population. Table 3 shows that more than half of the deaths occurred in the postpartum period (51.1%). Of these, majority occurred within 6 days postpartum (58.7%). About 33% deaths happened in the antenatal period, and 40% of the deaths occurred in term patients and following vaginal delivery as seen in Table 4 . In 59% of cases, the babies were born alive. Intrapartum death occurred in 15.5%. Anemia and previous cesarean section were found as associated co-morbidities in 15.5%. Prolonged labor was identified in 11%.
Analysis of the cause of death depicted in Table 5 reveals that the direct causes of mortality constituted 61.1% (55), the indirect causes constituted 34.44% (31), and unknown cases constituted 4.4% (4) . Group V of ICD-MM (Other obstetric complications), which includes obstetric embolism, cerebral venous thrombosis, intentional selfharm, is the single commonest direct cause in this study (Graph 2) followed closely by Group II (Hypertensive disorders) with 18.9% (17) and Group III (Obstetric hemorrhage) contributing to 12.2% (11) . These three groups contributed to half of the maternal deaths during the study period. Cause of death in Groups II and III is shown in Graphs 3 and 4 respectively. Pregnancy-related infections contributed to 7.8% (7). Deaths related to abortion contributed to 2.22% only.
As seen in Table 6 , ICD-MM Group VII (Nonobstetric complications) is the single largest group-34.44% (31) composed of numerous common and uncommon diseases. Diseases of the circulatory system and connective tissue disorders were the most common medical conditions resulting in death in this group. Infections other than puerperal sepsis remain an important group with H1N1 pneumonia and tuberculosis being the important ones.
DISCUSSION
Maternal mortality ratio in the present study is 117 per 100,000 live births which is higher than the MMR estimate of Kerala. This can be attributed to the fact that the study was conducted in a tertiary referral hospital where many high-risk cases are referred and treated. Being a government hospital, there is no restriction on admission in spite of non-availability of beds. Even facilities in the urban hospitals are grossly inadequate with shortage of anesthesiologists and blood banks. This prevents early intervention and adequate care, and also institutional mortality rates are 2 to 10 times higher as compared with field service.
Maximum number of deaths occurred in the 20 to 29 years age group, which is comparable to studies by Surendranath Panda et al, 10 Kaur et al, 11 Verma et al, 12 Sarin et al, 13 and in contrast to study by Khumanthem et al. 14 In the current study, more maternal deaths occurred in multigravida, which is similar to the study by Jadhav and Rote 15 and Murthy et al. 16 Studies by Toppo et al 17 and Das et al 18 have shown that 64% of deaths occurred in primigravida where preeclampsia and eclampsia contributed to 40% of deaths. 
JSAFOG
Of the 90 maternal deaths, 15 (16.67%) mothers belong to the tribal population. High prevalence of anemia (nutritional as well as sickle cell anemia) together with complications of hypertensive disorders of pregnancy contributed to death. Improvement of general health with correction of anemia, regular antenatal care, early detection and treatment of medical disorders, proper referral, and emergency transport are some of the measures that can be taken to change the situation.
In this study, majority of deaths (75.55%) occurred postpartum. Of this, 24.44% occurred within 24 hours of delivery, 51.11% occurred after 24 hours, 30% between 1 and 6 days, 11.11% between 7 and 14 days, and 10% after 14 days and within 42 days. However, in most of the cases, the complications leading to death started before or during delivery. This finding is similar to the study by Khumanthem 22% was due to obstetric hemorrhage. Obstetric hemorrhage is the third leading direct cause followed by sepsis (7.78%). Preeclampsia and eclampsia continued to be a major killer despite advocating control of blood pressure with parenteral antihypertensives, termination of pregnancy, and use of magnesium sulfate. Intracranial hemorrhage was the cause of death in 3 of 17 patients. Hypertensive left ventricular failure alone resulted in death in two patients. Eclampsia occurred in 64.7% (11/17) of patients and HELLP (hemolysis, elevated liver enzyme levels, and low platelet levels) syndrome in 47% (8/17) . Multiorgan dysfunction was the terminal event in 64.7% (11/17). The 
relative increase in Group II warrants more aggressive management of preeclampsia patients with care in highdependency units. Most of the patients who succumbed to multiorgan failure were on ventilatory support. Care by intensivist and the need for multidisciplinary approach is stressed upon. As per the WHO, 25% of all maternal deaths worldwide are due to hemorrhage, whereas in Indian studies, the incidence of hemorrhage varied from 12 22 to 66.7%. 21 Kerala is a state where 99% deliveries are institutional. 23 Confidential Review of Maternal Deaths in Kerala 2004 to 2009 reports 22.5% deaths due to hemorrhage. 24, 25 In the present study, 11 (12.2%) deaths were due to obstetric hemorrhage of which 8 (72.72%) were due to atonic postpartum hemorrhage (PPH), 2 were rupture uterus, and 1 was a case of placenta accreta. Nine of the 11 cases (81.81%) were referred from elsewhere in critical state. Nine of the 11 (81.81%) followed vaginal delivery. Seven of them (63.63%) were in coagulation failure at admission. Ten of them (90.9%) received massive transfusion (more than or equal to 5 units). Condom tamponade was tried in two patients. Four of the eight patients (50%) with atonic PPH underwent hysterectomy as those with rupture uterus and placenta accreta. Relaparotomy was done following hysterectomy for placenta accreta. Timely detection and management of PPH with oxytocin, blood and blood products, and early referral has brought down the mortality due to PPH. To reduce it further, the importance of active management of third stage of labor and the transport of patients after taking adequate steps is emphasized upon. Nonavailability of blood and blood products still continues to be a problem in the peripheral maternity centers. About 20% of the deaths were attributed to Group V (Other obstetric complications). Of the 18 deaths, 7 (7.78%) were due to pulmonary embolism. Thromboembolism was reported as the cause of death in 3.75% by Khumanthem et al 14 Nonobstetric complication was the single largest group contributing to 34.44% of deaths. Maternal infection contributed to one-third of this. There were three cases of H1N1 pneumonia during the epidemic. Diseases of the circulatory system (8.89%) were a major contributing cause. Congenital heart disease was the leading cause. Two deaths followed prosthetic valve dysfunction. Heart disease contributed to death in 3.33, 3.75, 7, and 17% in studies by Murthy et al, 16 Khumanthem et al, 14 Pal and Rao, 26 and Das et al 18 respectively. Three deaths occurred in sickle cell anemia patients. Jaundice was reported as causing 9.16 16 to 23.06% 15 of the deaths in various Indian studies, but in the present study it contributed to in only 3.33%. 3 Complications of epilepsy led to death in 3.33%.
Another important medical disorder was connective tissue disorder which contributed to 4.44% and all of them were due to systemic lupus erythematosis.
CONCLUSION
The ICD-MM Group VII (Nonobstetric complications), composed of numerous common and uncommon diseases, is the single largest cause of maternal mortality. Improvement of general health of the women and also having a planned pregnancy especially in those with preexisting medical disorders is advisable. Hypertensive disorders of pregnancy are the leading direct cause of maternal mortality closely followed by obstetric hemorrhage, embolism, and sepsis. Although compared with the national figure, MMR of Kerala is low, the fact remains that most of the maternal deaths are preventable. Adequate antenatal care, early detection of highrisk cases and early referral, improvement of blood bank facilities, thromboprophylaxis in high-risk cases, emergency obstetric care, upgradation of first referral units, and, above all, improving the quality of care can go a long way in reducing maternal mortality. Working toward SDG 3.1 and ultimately toward EPMM requires amplifying the efforts and progress catalyzed by MDG 5. Maternal death review in the institution followed by review at the zonal level can provide a thorough assessment of the underlying cause of death and the contributing factors. This would provide useful data in planning various strategies or interventions. Remedial measures should be taken to prevent recurrence of deaths. Near-miss review should also be conducted, which can evaluate the quality of care for severe pregnancy complications. Another important measure is detecting and amending inequities in access to health services among subpopulations.
